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Description 

[0001] The present invention provides a method for isolation and assay of molecules of interest using affinity matrices 
in the presence of detergent These isolation methods have application in various fields of biology such as protein 
5 purification, nucleic acid purification, high throughput assays, diagnostic assays, functional genomics, functional pro- 
teomics, phage display, and protein expression profiling. 

[0002] Affinity separation techniques are increasingly used for the isolation or quantification of biological molecules. 
Chromatographic techniques that use magnetically attractable affinity particles or beads for separation of specific mol- 
ecules from a liquid are well documented in biochemical, biomedical, and molecular biological research. Affinity separation 

10 techniques involve the suspension of finely divided affinity matrix particles in a solution that contains molecules of interest 
in an impure or dilute form. The molecules of interest are captured or immobilized on the matrix particles by virtue of 
specific or non-specific interactions between the molecules and an affinity ligand for such molecules associated with the 
surface of the affinity particles. The affinity particles and the bound target molecules of interest may then be separated 
or collected together using a variety of standard techniques, such as filtration, centrifugation, decanting. 

15 [0003] Particularly useful materials and techniques, especially for automated separation processes, utilize magnetically 
attractable affinity beads. After binding the target molecule, application of a magnetic field to the vessel containing the 
magnetic affinity particles (beads) will cause them to migrate towards the source of the field, thus collecting and con- 
centrating the beads at the wall of the vessel. With the magnetic field still applied, the remainder of the solution and 
unbound components (the supernatant) can be removed by pouring it off or by using a pipetting device, leaving the 

20 magnetically collected pellet of magnetic particles intact. Additional solution(s) can then be added and the magnetic field 
removed, thus allowing the beads to be resuspended. If the interaction between the magnetic affinity beads and the 
molecules of interest is disrupted (target molecule eluted), the molecules can be recovered by reapplying the field and 
removing and retaining the supernatant containing the purified/concentrated molecules of interest. If the affinity beads 
are being used in an assay, e.g., where only the presence of the target molecule needs to be determined or quantified, 

25 elution from the affinity matrix is not necessary and the beads having bound molecules of interest may be exposed to 
a detection reagent, such as a labeled antibody or enzyme. 

[0004] Manual handling of affinity beads limits the possible throughput, and to increase throughput several automated 
and semi-automated technologies have been devised, for both single-sample and multi-sample vessels. Magnetic affinity 
beads, as mentioned above, lend themselves readily to such automated and semi-automated technologies, and prac- 

30 titioners are able to achieve a higher throughput by better separation of the magnetic beads and by increasing the number 
of samples processed per run. Processing can be increased by either moving the magnetic source in relation to the 
vessels (see, WO 96/31 781 ) or by moving the vessel in relation to a single or multiple magnetic sources (see, US Patents 
5,128,103 and 5.147.529). The throughput in certain instances has been increased by placing the magnetic source 
adjacent to the pipette tips containing the magnetic beads (see, WO 97/44671, WO 97/31105, and EP 0 691 541), or 

35 removing the liquid from the magnetic beads using an automated pipetting system (see, US Patent 5,4518,785). 

[0005] Many suitable affinity ligands are known for .use in preparing affinity matrix particles capable of binding a 
molecule of interest. One class of ligands that has been used successfully in affinity separations is metal chelate linkers. 
Porath et al. introduced the use of metal chelate affinity chromatography for protein Isolation in 1975 (see, Porath et al, 
Nature, 258:598-599 (1975)). This technology has since been used successfully in many types of separations (see, 

40 review articles, e.g., Lonnerda! et al., J. Appi Biochem., 4:203-208 (1982) and Sulkowski, Trends in Biotechnology, 3: 
1-7 (1985)). Metal chelate affinity separation is based on the discovery that metal ions, such as nickel, copper, and zinc, 
bound to or immobilized on a solid substrate or matrix, such as agarose or silica gels, can take part in a reversible 
interaction with electron donor groups situated on the surface of proteins, especially the imidazole side chains of histidine. 
At a pH value at which the electron donor group is present at least partially in non-protonized form, the protein is bound 

45 to the chromatography gel and can subsequently be eluted by means of a buffer with a lower pH value, at which the 
electron donor group is protonized. Nitri I otri acetic acid (NTA), bound to the carrier matrix via a spacer, has been very 
reliable as the chelate donor (see, e.g., US Patent 5,047,513). 

[0006] Regardless of the type of ligand used to capture the molecule of interest, affinity separation techniques suffer 
from a common problem of bead loss during the separation process. This problem has been observed during automated 
£0 as well as manual bead handling each time the affinity beads are washed, molecules are eluted from the beads, or 
supernatant liquids are removed or retrieved. If the beads are collected at the bottom of a vessel, such as a microtiter 
plate, there is a high risk that while removing solution, some beads will also be removed. The loss or removal of beads 
leads to irreproducible results, inaccurate quantitation of bound materials, lower yields in purification protocols, and a 
lower throughput in assays. 

55 [0007] The PCT publication WO 98/31840 (see page 7, line 12 to page 11, line 8) discloses a method for isolating 
biological target material, particularly nucleic acids, comprising the steps of providing a medium including the biological 
target material, providing silica magnetic particles, forming a complex of the silica magnetic particles with the biological 
target material, removing the complex by applying a magnetic field and eluting the biological target material. However, 
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WO 98/31840 remains silent about the use of a detergent during the isolation process as well as to the problem of affinity 
particle loss during separation processes. 

[0008] JP 01 1 80451 (see abstract) discloses an adsorbent for affinity separation of protease. This adsorbent contains 
salicylic phtaiic acid or derivatives thereof and the non-modified carboxylic acid group serves as a ligand for the enzymes. 

5 . The enzyme purified with this adsorbent contains small amounts of impurities and is, therefore, useful especially for 
enzymes in liquid detergent. However, JP 01 180451 remains completely silent about the use of a detergent during the 
disclosed purification process as well as to the problem of affinity particle loss during separation processes. 
[0009] The PCT publication WO 96/18731 (see page 5, line 14 to page 14, line 31 ) discloses a method for the isolation 
of nucleic acids from a sample, which avoids the use of chaotropic agents and alcohol. More precisely, the disclosed 

10 method comprises the steps of contacting said sample with a detergent and a solid support, e.g. affinity particles, whereby 
the nucleic acid is bound to the support, and separating said support with the bound nucleic acid from the sample. The 
detergent as used in WO 96/18731 is advantageously used to prevent the binding of contaminants, such as proteins, 
to the solid support and to lyse the nucleic acid containing material, e.g. cells. However, WO 96/18731 gives no hint 
how to avoid the loss of the above mentioned affinity particles during the isolation process. 

15 [0010] Unexpectedly, it has now been shown that the use of small amounts of detergents in conjunction with use of 
the affinity beads, the loss of beads can be significantly reduced. The invention described herein makes possible the 
manual and automatic processing of affinity beads, especially magnetic beads, in multi-well and single well vessels. 
Commercially available multi-well and/or single well formats (e.g., microtiter plates) and robots (e.g., BioRobot) may be 
used. 

20 [001 1] The present invention provides separation methods that are highly flexible and which are characterized by high 
sample throughput without risk of sample mix-up. These and other aspects and advantages of the invention will be 
apparent from the description and examples presented below. 

[0012] The invention provides methods for separating a finely divided particulate matrix from a solution so as to 
minimize loss of particles or beads from the matrix. More particularly, the present Invention provides methods of isolating 
25 molecules of interest from a sample or solution using affinity particles or beads. The methods described herein provide 
the means for reducing loss of affinity particles or beads during a separation process, for increasing yields of target 
molecules of interest, and for increasing the accuracy and reproducibility of assay methods based on affinity separations. 
[0013] In its broadest aspects, the present invention relates to a method of separating particles from a solution com- 
prising the steps: 

30 

(a) combining a solution with a finely divided particulate matrix, in the presence of detergent; 

(b) collecting the particles of the particulate matrix, e.g., by centrifugation, filtration, magnetic force (if the particles 
are magnetically attractable), etc.; 

(c) removing supernatant solution. 

35 

[0014] Where the particles are affinity particles, the present invention provides a method for isolating a molecule of 
interest from a solution in a vessel, comprising the steps of: 



(a) contacting the solution with affinity particles insoluble in the solution and capable of binding with said molecule 
40 of interest, in the presence of detergent; and 

(b) separating the affinity particles from the rest of the solution, e.g. , by introducing a magnetic field across the vessel 
(for magnetic affinity beads), centrifugation, filtration, etc. 



[0015] Alternatively, the affinity particles may be treated with detergent prior to the contacting step. 

45 The affinity particles and bound molecules of interest may be subjected to additional steps, depending on the object of 
the separation (i.e., whether the molecule of interest is being assayed, detected, recovered, or purified from the solution). 
Such additional steps include washing steps, e.g., in which the separated particles are resuspended in another solution; 
elution steps, in which the separated particles are subjected to solution conditions causing disruption of the affinity 
interaction between the particles and the molecules of interest, causing the molecules to be released from the particles; 

50 assay or detection steps, wherein the separated particles are contacted with detection reagents, such as labeled mon- 
oclonal antibodies specific for the bound molecule of interest. 

[0016] In a particular embodiment of the invention, a magnetic separation method comprises: 



(a) contacting a solution with magnetic particles in a vessel, in the presence of detergent; 
55 (b) bringing the vessel and a magnet into proximity with each other, whereby said magnetic particles are immobilized 

within the vessel (i.e., by magnetic force); 

(c) removing supernatant from the vessel; 

(d) adding new solution to the vessel; and 
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(e) separating the vessel and the magnet and re-suspending the particles in the new solution. 

[0017] In the foregoing embodiment, it will be recognized that steps (d) and (e) may be reversed, to the same effect. 
[0018] The methods according to the present invention may be applied to the separation of molecules from various 
5 solutions. For example, molecules of interest may be peptides, polypeptides, or proteins. Preferably, the methods of the 
present invention are used to isolate 6x-His-tagged proteins. 

[0019] Magnetic particles useful in preferred methods of the present invention may be any of a variety of materials 
including, for example, ferromagnetic beads, superparamagnetic beads, and combinations thereof. The particulate matrix 
materials that are advantageously separated according to the methods of the present invention may be any solid substrate 
10 materials insoluble in the solution(s) in which they are suspended. Typical examples include particulate agarose, silica, 
nitrocellulose, cellulose, acrylamide latex, polystyrene polyacrylate, polymethacrytate, polyethylene polymers such as 
polyvinyl alcohol, glass particles, silicates such as calcium, magnesium and aluminum silicates, metal oxides such as 
titanium oxides, tin oxides, etc., apatites, and combinations thereof. 

[0020] The detergents used in the methods of the present invention are nonionic, anionic, zwitterionic, and cationic 
15 detergents, and combinations thereof. Preferably, the concentration of detergent used in the methods of the invention 
is at least about 0.0005 - 2.0% (v/v). In a preferred embodiment, the detergent is a nonionic detergent selected from a 
group consisting of Tween 20, Triton X-100, Nonidet P-40, and combinations thereof. In another embodiment of the 
invention, the detergent is the cationic detergent dodecyltrimethyl ammonium chloride. In another embodiment of the 
present invention, the detergent is an anionic detergent selected from a group consisting of sodium dodecyl sulfate 
20 (SDS), sarkosyl, and combinations thereof. In another embodiment of the invention, the detergent is the zwitterionic 
detergent CHAPS. 

According to the methods of the present invention, the concentration of detergent should not exceed about 2% (v/v). 
Preferably, the concentration of a nonionic detergent according to the methods of the present invention is at least about 
0.005% (v/v). Preferably, the concentration of an anionic detergent according to the methods of the present invention 

25 is at least about 0.05% (v/v) and does not exceed about 1% (v/v). Preferably, the concentration of a cationic detergent 
according to the methods of the present invention is at least about 0.5% (v/v) and does not exceed about 1% (v/v). 
Preferably, the concentration of a zwitterionic detergent according to the methods of the present invention is at least 
about 0.01% (v/v) and does not exceed about 2% (v/v). Most preferably, the nonionic detergent Tween 20 (polyoxye- 
htylene (20) sorbitol monolaurate) is used at a concentration of at least about 0.05% (v/v) in the methods of the present 

30 invention when used in the isolation of nucleic acids or proteins. 

[0021] This invention provides, in an affinity system, an improvement in signal, signal to noise ratio, reproducibility, 
and yield, by adding a small amount of detergent to the solution or treating the matrix particles or beads with a small 
amount of detergent. 

[0022] Fig. 1 is a schematic diagram illustrating particular types of affinity interactions and assays contemplated herein 

35 that may be improved in accordance with the methods of the present invention. Fig. 1 A illustrates binding of a molecule 
of interest (6) to an affinity ligand (4) immobilized on a bead (2) of a matrix material. Fig. 1 B illustrates a two-step capture 
of a binding partner (12) for an interacting molecule (6), which has been immobilized on a matrix bead (2) by binding to 
or complexing with affinity ligand (8), e.g., as where a chelated metal (8) on a matrix bead (2) binds a histidine tag (10) 
fused to a protein (6), which protein (6), in turn, is capable of binding to another protein (12). Fig. 1C illustrates the use 

io of affinity beads (2+4) capable of binding to a complex (13) of two binding partners (12 and 14) such as and antibody/ 
antigen complex or a binding complex of a cell and a protein or small molecule reactive with a surface antigen. 
[0023] The present invention relates to methods for separating solid particles from a solution while minimizing loss of 
particles. The methods are especially useful for separations calling for isolation of molecules of interest using an affinity 
matrix of beads or particles, especially magnetic affinity beads or particles. In particular, the methods of the invention 

45 disclosed herein are based on the discovery that treating or exposing the beads with detergent improves the handling 
of the particles, and, with respect to isolation of a molecule of interest using affinity particles capable of binding the 
molecule of interest, improves the yield of such molecule isolated and improves the reproducibility of the separation. 
The use of such detergents also significantly reduces loss of particles in the course of separation processes, and for 
affinity separations increases signal and allows for higher signal to noise ratios. 

50 in the following sections, the terms "sample" and "solution" are used to describe any preparation containing a molecule 
of interest or any medium in which the particles to be separated can be dispersed. The molecule of interest in a sample 
may be at any of a variety of states of purity, for example, less than 1% pure to greater than 94% pure. Useful samples 
and solutions will include crude cell lysates or biological fluids retrieved or extracted from humans or other animals, 
plants, bacteria, or viruses, and which may contain a molecule of interest. 

55 The term "vessel" is used to describe a support, well, plate, tube, slide, filter, container, or dish which holds the sample 
or solution during purification or isolation procedures described herein. 

The term "affinity particle" is used to describe any particle bearing an affinity ligand that is capable of binding (forming 
an affinity complex) with a molecule of interest Any affinity ligand may be used that exhibits an acceptable affinity and 
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specificity for the molecule of interest under the conditions of the contacting step. Such affinity ligands for use on 
particulate matrices include, without limitation, antibodies for a particular antigen, antigens for a particular antibody, 
antibodies recognizing a class of molecules such as a class of IgG molecules (e.g., anti-human IgG, anti-mouse IgG), 
streptavidin (or streptavidin-tagged fusion proteins) for binding biotin or biotin-tagged fusion proteins, glutathione for 

5 binding GST, cellulose for binding CBD, amylose for binding MBP, ion exchange resins, hydrophobic interaction resins, 
oligo-dT for binding poly A tail of mRNA, nucleic acid polynucleotides for binding complementary polynucleotides, ligands 
for binding cells (i.e., binding molecules for cell-surface markers), phage ligands, antibodies recognizing cell or phage 
surface antigens, and any other type of polypeptide, nucleotide or small molecule capable of affinity interactions with a 
binding partner, whether another protein, DNA, RNA, or small molecule. Specific mention is made of metal chelate 

10 affinity particles, in particular nickel ion chelate materials, such as nickel-nitrilotriacetic acid (Ni-NTA) coated agarose 
beads. 

[0024] The term "matrix material" is used to describe any of a variety of solid materials dispersible in a sample or 
solution. Such materials are well known and include, for example, agarose, silica, nitrocellulose, cellulose, acrylamide, 
latex, polystyrene, polyacrylate, polymethacrytate, polyethylene polymers such as polyvinyl alcohol, glass particles, 

15 silicates such as calcium, magnesium and aluminum silicates, metal oxides such as titanium oxides, tin oxides, etc., 
apatites, and combinations thereof. Such materials are typically in the form of finely divided powders wherein the materials 
are in the form of small particles or beads, such that suspension in solution forms a matrix of particles which at sufficient 
concentration takes on the consistency of a resin or gel. Particulate materials capable of binding a molecule of interest 
in solution are referred to as "affinity particles" or an "affinity matrix". Matrix materials can be magnetic. The term "magnetic 

20 matrix material" is used to describe a matrix material that contains metal particles which are attracted to a magnetic 
field. The magnetically attractable metal or metal oxide particles are embedded throughout or at the core of the matrix 
particles. Unless noted otherwise, the term "particles" and "beads" are used interchangeably in describing the matrix 
materials useful in the methods of the invention. 

The term "introducing a magnetic field" is used to describe any mechanism whereby a magnetic force is applied to attract 
25 or collect the magnetic matrix particles. The magnetic field may be introduced by any number of methods including, but 
not limited to, automated methods that introduce a single or multiple magnets at various locations of a vessel containing 
the magnetic particles to collect or temporarily immobilize the magnetic particles, or manual localization of a magnet to 
achieve the same result. 

[0025] The term "His-tagged protein". "6x-His-tagged protein", or "polyhis-tagged protein" is used to describe a fusion 

30 protein in which a protein of interest is fused to a metal chelating group which is a polypeptide segment comprised of a 
plurality of histidine residues or other chelating amino acids such as cysteine, arginine, or serine, most preferably a 
segment completely comprised of histidine residues. Preferably the plurality of histidine residues is at least two or more, 
most preferably six such residues, forming a "6x-His-tagged" protein. Fusion proteins containing an affinity peptide tag 
are easily purified from samples including cultures of recombinant eucaryotic and prokaryotic organisms transformed to 

35 produce such fusion proteins. The fusion proteins containing an affinity peptide can also be used to assay for a molecule 
of interest. The affinity of a polyHis tag for copper, nickel, cobalt, or zinc allows the fusion product to be quickly separated 
from the bulk of other bacterial proteins with up to 95% purity using metal chelate affinity chromatography (Hochuli et 
al., Biol Technology, 6: 1321-1325 (1988)). This affinity also allows efficient capturing of a molecule of interest and 
assaying for its presence in a known or unknown sample. The fusion protein also allows for binding studies, and capture 

40 assays. Other affinity tags may also be used and are discussed below. 

[0026] In the present invention, detergent may be added throughout the methods described herein to enhance sep- 
aration and collection of particulate substrates. In preferred embodiments of the invention, a detergent is present at the 
binding step when the sample and the affinity particles are combined, that is, when the molecule of interest is first 
contacted with the affinity matrix (see, Examples 1-3). The detergent may be added to the sample prior to the addition 

45 of the affinity particles. Alternatively, the detergent may be introduced after the affinity particles and the sample are 
initially mixed or brought into contact with each other (see, Example 4). Affinity beads may also be suspended in an 
aqueous solution or buffer containing detergent and then combined with a sample containing a molecule of interest. The 
beads may also be incubated with a detergent, washed, stored, and used later, while still realizing the benefits of the 
present invention. Preferably, the beads are exposed to detergent after binding to a molecule of interest has taken place 

50 but before the beads are collected or concentrated. 

While not wishing to be bound by any particular scientific theory, the affinity beads, when exposed to detergent as 
described herein, are able to form more compact aggregates or pellets when collected or concentrated, e.g., by centrif- 
ugation or the application of a magnetic field (where magnetic beads are used). It appears that the presence of detergent 
used in the purification process changes the charge characteristics of the matrix material, so that a more compact 

55 arrangement of matrix particles or beads is formed during collection. The compact arrangement allows for more efficient 
removal of unbound molecules and, hence, more efficient washing or elution of the molecule of interest. The enhanced 
packing of the affinity beads during collection decreases bead loss during handling and thereby improves the yield of 
bound molecules and improves the reliability and consistency of measurements or assays using the beads. 
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Care should be taken that the detergent concentration does not significantly interfere with the binding of the molecule 
of interest to the affinity particles. In order to avoid such interference during the binding phase of a separation procedure, 
the detergent may be omitted from this binding step and introduced during the wash or elution steps of the method. It 
should be kept in mind, however, that any collection or wash steps conducted before the introduction of detergent in 
5 accordance with the invention will be characterized by (avoidable) bead loss and decreased yield and accuracy. 

[0027] The methods of this invention are particularly useful where the affinity matrix is in the form of magnetically 
attractable particles or "magnetic beads", as they are commonly referred to in the art. 

The presence of detergent is the critical element of the methods of the present invention. The detergent can be present 
in the methods of the present invention either throughout the entire procedure, or it may be added when the sample is 
10 contacted with the affinity particles. Once the beads have been treated with the detergent, all subsequent steps in the 
procedure can be performed with or without detergent without any significant influence on yield or reproducibility as a 
result of bead loss (see, Example 6). 

When the detergent is added to the sample at the onset of the procedure, care must be taken so that the concentration 
of the detergent does not interfere with the interaction of the molecule of interest and the matrix bead. Preferably, the 
15 concentration of the detergent in the separation methods described herein is in the range of from about 0.0005% to 
2.0% (v/v). 

Detergents form one class of polar lipids, characterized by their solubility in water. They have a bipartite structure with 
one hydrophobic portion and one hydrophilic portion. The presence of these two groups not only makes detergents 
useful in lysis of lipid membranes, solubilization of antigens, and washing of immune complexes, but it also may change 

20 the charge characteristics of materials in a sample, such as, in preferred embodiments herein, the charge characteristic 
of magnetic affinity particles. A wide variety of chemicals can be characterized as detergents and may be used in the 
methods of the present invention. Most detergents have hydrophobic regions with a 6- to 16-member alkyl chain (either 
with or without a phenolic moiety) or a structure that resembles the aromatic hydrophobic moiety of bile salts. The 
hydrophobic region of many detergents can disrupt lipid bilayers and cell membranes, leading to dissolution of the bilayer 

25 or membrane components. Such detergents are particularly useful in a variety of biochemical protocols, including methods 
described herein. Detergents are also classified based on the type of hydrophilic group(s) present in a detergent molecule. 
These groups can be anionic, cationic, amphoteric, nonionic, and zwitterionic. In general, nonionic detergents (e.g., 
Tween 20 and Triton X-100) and zwitterionic detergents (e.g., CHAPS) are less denaturing to proteins than ionic deter- 
gents (e.g., SDS). Of the ionic detergents, sodium cholate and sodium deoxycholate are less denaturing than other ionic 

30 detergents. 

Many properties of detergents can be described by three values: the critical micelle concentration (CMC), the micelle 
molecular weight (MMW), and the hydrophile-lipophile balance (HLB). The CMC is the concentration at which monomeric 
detergent molecules join to form micelles. Below this concentration, detergent molecules are found predominantly as 
monomers which may bind to or disrupt hydrophobic molecules without dissolving the hydrophobic molecules in aqueous 
35 solutions. Above the CMC, the detergent molecules form micelles which are effective at dissolving hydrophobic molecules 
in aqueous solutions. The MMW is the molecular weight of a micelle formed by a particular detergent. Detergents with 
large MMWs, such as the nonionic detergents, may be difficult to remove by dialysis. 

[0028] However, an advantage to using some nonionic detergents is the ability to dissolve molecules in a non-denatured 
state which retains important functional properties of the molecules. The HLB gives a numerical value to the overall 

40 hydrophilic properties of the detergent. Values above 7 indicate that the detergent is more soluble in water than oils. For 
most biological and biochemical protocols, HLB values of 12.5 and higher are needed. Although there are exceptions, 
the HLB values can be used to give a general view of how denaturing a detergent will be towards biomolecules, especially 
proteins. Values between 12 and 16 are relatively nondenaturing, while values above 20 indicate increasing denaturing 
characteristic. However, this correlation does not always apply and will differ from one protein to another. Both the CMC 

45 and MMW will vary in different buffers. In general, adding salts will lower the CMC and raise the micelle size. The addition 
of as little as 100 mM NaCI may induce dramatic changes in these values. The extent of change in CMC or MMW caused 
by varying the temperature or pH will also vary depending on the detergent. Two detergents that are drastically affected 
by temperature and pH are sodium dodecylsulfate (SDS) (temperature below 20° C will often lead to crystallization) and 
sodium deoxycholate (DOC) (insoluble below about pH 7.5). 

50 [0029] The detergents that may be used in the methods of the present invention can be selected from any of anionic, 
cationic, nonionic, or zwitterionic detergents and combinations thereof. Anionic detergents useful in the present invention 
include, but are not limited to, sodium dodecylsulfate (SDS), sodium dodecyl-N-sarcosinate, sodium cholate, sodium 
deoxycholate. Cationic detergents useful in the present invention include but are not limited to, dodecyltrimethyl ammo- 
nium chloride, cetyltrimethylammonium bromide (CTAB). The zwitterionic detergents useful in the methods described 

55 herein include, but are not limited to, 3-[(cholamidopropyl)-dimethyl-ammonio]-1-propanesulfonate (CHAPS), BigC- 
HAPS, CHAPSO, DDMAU, N-dodecyl-N,N-dimethylglycine, lauryldimethylamine oxide (LADAO, LDAO), and 3-do- 
decyl-dlmethylammonio-propane-1-sufonate. Nonionic detergents useful in the present invention include, but are not 
limited to, polyoxyethylene (10) cetyl alcohol (e.g., Brij 56™. ICI Americas Inc.); polyoxyethylene (20) cetyl alcohol (e.g., 
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Brij 58™, ICI Americas Inc.); polyoxy ethylene (23) lauryl alcohol (e.g.. Brij 35™, ICI Americas Inc.); polyoxyethylene 
(4-5) p-f-octyl phenol (Triton X-45); polyoxyethylene (7-8) p-f-octyl phenol (Triton X-114); polyoxyethylene (9) p-f-octyl 
phenol (Nonidet P-40); polyoxyethylene (9-1 0) p-f-octyl phenol (Triton X-1 00); polyoxyethylene (9-1 0) nonylphenol (Triton 
N-101): polyoxyethylene (20) sorbitol monolaurate (e.g., Tween 20™, ICI Americas Inc.); polyoxyethylene (20) sorbitol 

5 monopalmitate (e.g., Tween 40™, ICI Americas Inc.); polyoxyethylene (20) sorbitol monooleate (e.g., Tween 80™, ICI 
Americas Inc.); octyl-p-glucoside: APO-10; APO-12; cyclohexyl-n-ethyl-p-O-maltoside; cyclohexyl-n-hexyl-p-D-malto- 
side: cyclohexyl-n-methyl-P-maltoside; n-decanoylsucrose: n-decyl-p-D-glucopyranoside; n-decyl-p-maltopyranoside; 
n-decyl-p-D-thiomaltoside; n-dodecanoyl sucrose; and heptane-1 ,2,3-triol. Most preferably, nonionic detergents such 
as Tween 20. Triton X-1 00. and Nonidet P-40 are used in the methods of the present invention. Methods of the invention 

10 which incorporate such nonionic detergents are particularly effective at reducing loss of affinity particles or beads during 
various manipulations (e.g., bead collection, washes, elution), increasing yields of molecules of interest which are isolated 
using particulate affinity matrices, increasing reproducibility (lowering variance) of results, increasing the signal achieved 
in an assay, increasing signal to noise ratio, and increasing the signal resulting from the binding of the molecule of 
interest in a capture assay. 

15 [0030] The methods of the present invention are readily adaptable to widely used sample vessels such as multi-well 
plates, These multi-well systems are particularly well suited for use in semi- or fully-automated assay systems that are 
available commercially. A number of different automated systems are available and could be used with the present 
invention. For example, PCT publication WO 96/31781 describes an automated system that handles magnetic beads 
and which processes up to 16 specially designed sample vessels. The magnet is moved in relation to the tubes at the 

20 different stages of the assay process to facilitate the binding, wash, and elution steps of the assay. US Patents 5.1 28, 1 03 
and 5,147,529 also describe an automated system in which single sample tubes are automatically guided past one or 
more magnets to retrieve beads containing bound molecules of interest Patent publications WO 97/44671 , WO 97/31 105, 
and EP 0 691 541 describe robots or devices in which magnetic beads are separated from liquid inside a pipette tip by 
the positioning of an external magnet adjacent to the tip. This allows processing of up to 24 samples simultaneously. A 

25 magnet construction is described in US Patent 5,458,785 that allows the removal of liquids from the magnetic beads by 
automated pipetting. This system has a ringshaped magnet that surrounds the sample vessel and a second magnet, 
which is positioned at the base of the sample vessel. Positioning the sample vessel on one of these magnets influences 
the form and density of the magnetic bead pellet, immobilizing the beads to permit the removal of liquids by pipetting 
without disturbing or entraining the beads. However, this magnet system is not suitable for multi-well plates. 

30 [0031] The present invention enhances the use of multi- and single-well procedures because the presence of detergent 
at various stages of the isolation scheme allows for better separation of magnetic beads or particles from the well walls 
and a more efficient collection of all the beads towards the source of the magnetic field. Better separation and collection 
of beads enhances the yield of the molecule of interest that becomes bound to the magnetic affinity beads and the 
reproducibility of the assays in the aforementioned automated systems. Accordingly, these methods also reduce the 

35 number of times a procedure needs to be carried out to isolate or detect a molecule of interest in a sample(s). The 
present invention can be applied to the purification or isolation scheme of a variety of molecules including, but not limited 
to, peptides, polypeptides, proteins nucleotides, nucleic acids (polynucleotides), carbohydrates, lipids, and organic mol- 
ecules, including synthesized organic molecules, or any type of molecule or molecule complex separable by affinity 
interactions with an appropraite substrate. 

40 [0032] Affinity beads for use in accordance with the present invention will be characterized by a surface affinity ligand 
for a molecule of interest. Any affinity ligand may be used that exhibits an acceptable affinity and specificity for the 
molecule of interest under the conditions of the contacting step. Many types of affinity ligands are known, and suitable 
affinity ligands for use on particulate matrices in the present invention include, without limitation, antibodies for a particular 
antigen, antigens for a particular antibody, antibodies recognizing a class of molecules such as a class of IgG molecules 

45 (e.g., anti-human IgG, anti-mouse IgG), streptavidin (or streptavidin-tagged fusion proteins) for binding biotin or bi- 
otin-tagged fusion proteins, glutathione for binding GST, cellulose for binding CBD, amylose for binding MBP, ion ex- 
change resins, hydrophobic interaction resins, oligo-dT for binding poly A tail of mRNA, nucleic acid polynucleotides for 
binding complementary polynucleotides, ligands for binding cells (i.e., binding molecules for cell-surface markers), phage 
ligands, antibodies recognizing cell or phage surface antigens, and any other type of polypeptide or complex (see, Fig. 

50 1 and discussion, infra) capable of affinity interactions with a binding partner, whether another protein, DNA, RNA, or 
small molecule. Specific mention is made of metal chelate affinity ligands, in particular nickel ion chelate materials, such 
as nickel-nitrilotriacetic acid (Ni-NTA) coated particles. Ni-NTA-coated magnetic agarose beads are particularly preferred 
for isolation of His-tagged molecules of interest. 

[0033] The methods of the present invention are particularly useful for making separations based on protein/protein 
55 interactions. The target molecule of interst can either be known or unknown: Affinity separation applications are becoming 
particularly important in assessing unknown proteins and deciphering their function in proteomics, e.g., where a large 
amount of genetic material is processed and determining the functionality of the encoded proteins is essential. 
[0034] The types of separations for which the discovery of the present invention will be used include, without limitation, 
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assay and/or purification methods, purification and/or capture assays, capture or affinity immobilization of a molecule 
of interest, detection of a molecule of interest, purification (i.e., isolation, elution and recovery) of a molecule of interest, 
etc. Fig. 1 illustrates typical separations that are contemplated: For example, in Fig. 1 A, an affinity bead comprised of 
a particulate matrix material (2) coated with affinity ligands (4) may be used to bind or capture a molecule of interest (6), 
which may be any sort of binding parter (i.e., molecule, antigen, protein, polynucleotide, etc.) for the affinity ligand, as 
discussed above. After capture, the molecule of interest (6) may be detected on the affinity bead (2+4) or eluted from 
the affinity bead after separation from the original sample, using known procedures. In another type of affinity interaction 
contemplated, illustrated in Fig. 1B, an affinity bead comprised of matrix particles (2) and an affinity ligand (8) are used 
to immobilize a molecule of interest (6), e.g., a protein by means of a synthetic binding moiety (10) capable of reacting 
with the affinity ligand (8) on the bead. This affinity bead/immobilized molecule complex may be further employed to 
interact with another molecule (12), i.e., which is capable of binding to a molecule (6) or the affinity complex (2+8+10+6). 
For example, the affinity bead may comprise an agarose bead (2) with chelated metal ions (8), such as with a Ni-NTA 
agarose magnetic bead, and a protein of interest (6) may be captured on the affinity beads (2+8) by means of a 6x-His 
tag (10) fused to the protein (6), which tag (10) is reactive with the metal chelate (8) on the bead (2). After formation of 
this complex, the protein (6) may be used to capture another molecule capable of reacting with another portion of the 
protein. It is seen that this method can be used to capture then detect or elute the protein (6), to capture and then detect 
or elute the protein binding partner (12), to capture and then detect or elute the complex of the protein (6) and its binding 
partner (12), or to remove the protein (6) and/or the binding partner (12) from a solution to which the affinity beads are 
added. Finally, Fig. 1 C illustrates the use of an affinity bead comprised of a bead (2) coated with an affinity ligand (4) to 
bind with a preformed complex (13) of binding partners (12 and 14). The complexes can be captured, then detected, 
eluted or removed, according to the desired use. In accordance with the present invention, treatment of the affinity beads 
(2, with 4, 8) with small amounts of detergent at some point in these processes before the beads are collected for 
separation from a solution or sample, leads to better handling of the beads (and whatever they may have complexed) 
and reduced loss of beads during separation and resuspension. 

[0035] In detection methods, the molecule of interest may be observed using any sort of assay signal (e.g., chromog- 
enic, fluorescent, radioactive, or enzymatic reaction). 

[0036] In purification methods, the purification strategy may vary depending on whether a native form of a molecule 
or the denatured form of the molecule is being purified. Since the biochemical properties of the molecule of interest are 
dependent on the individual molecule, itself, and these properties can strongly affect binding to affinity particles, the 
exact procedure for purification of a particular form of a molecule will vary. In general, the purification of a molecule of 
interest will be improved by minimizing non-specific binding to affinity particles. For example, in the case of isolating a 
His-tagged protein, non-specific interactions will be minimized by using low concentrations of imidazole in the lysis/ 
binding buffers used in the intial steps in the purification. The presence of imidazole at concentrations up to 20 mM 
effectively inhibits the binding of many contaminating proteins to the affinity particles without affecting the binding prop- 
erties of the His-tagged protein of interest. 

If a protein of interest is to be purified from cells, the cells containing the protein of interest may be lysed using sonication, 
or homogenization after treatment with lysozyme (for example at 1 mg/ml). Such procedures can be performed in cells 
cultured in multi-well plates such as, 96-well flat bottom plates. To inhibit protein degradation, cells and buffers are 
typically kept at 0° C - 4° C at all times, and the addition of protease inhibitors may also be necessary. At native conditions 
all buffers should contain sufficient ionic strength to prevent non-specific interactions between proteins and magnetic 
affinity particles, if they are used. For example, typically, the minimum salt concentration during binding and washing 
steps should be about 300mM NaCI and the maximum concentration should not exceed 2 M NaCI. 
[0037] For denaturing conditions, cells are typically lysed in either 6M guanidine-hydrochloride (GuHCI) or 8M urea. 
Itis preferable to lyse the cells in the milder denaturant, urea, so that the cell lysate can be analyzed directly on an SDS 
polyacrylamide gel. GuHCI is a more efficient solubilization and cell-lysis reagent, however, and may be preferable for 
solubilizing some proteins. 

[0038] Binding may be carried out with samples under native or denaturing conditions. For some molecules of interest, 
separation may also be carried out without clearing the samples, but care should be taken that the sample is not too 
concentrated. For example, the volume of a crude, uncleared E. coll cell lysate sample should not be more than 1/5 or 
1/10 of the culture volume (e.g., cells from 1 ml of culture are preferably lysed in 0.2 ml or at the very least 0.1 ml lysis 
buffer). Deoxyribonucleic acid (DNA), which can disturb the separation of the beads, can be eliminated by DNase 
treatment. Yield and purity of isolated proteins may be slightly reduced when uncleared lysates are used. 
Washing and elution steps are contemplated where recovery of highly purified or concentrated target molecules is 
desired. However, for many applications wash and/or elution steps will not be necessary, as where the object of the 
isolation procedure is only detection of the presence or absence of a molecule, or where the object is to selectively 
remove a particular molecule of interest and obtain a sample (supernatant) substantially free of the molecule of interest. 
For such applications, the bound matrix/molecule complex may be assayed for the presence or absence of the molecule 
with any number of methods known in the art including, but not limited to, antibody detection of the complex or of the 
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immobilized target molecule. For applications where a washing step is employed, any suitable wash solution may be 
used. For example, for assays of physiological samples where magnetic affinity beads are used, the composition of a 
wash buffer may be 50 mM NaH 2 P0 4 , 300 mM NaCI, 20 mM imidazole, at pH 8.0. The composition of the wash buffer 
for separation under denaturing conditions may be 8 M urea, 0.1 M NaH 2 P0 4 , 0.01 M Tris-Cl, 0.05% Tween 20, pH 6.3. 

5 [0039] Washing steps in a separation process where magnetically attractable affinity beads are used are accomplished 
first by applying a magnetic field (which immobilizes the beads (and any bound molecules of interest) against the wall 
of the vessel adjacent the magnetic field), and then by removing the unbound molecules and buffer (e.g., by pipetting 
or decanting), after which the magnetic beads are resuspended in a wash solution, in the absence of the magnetic field. 
The non-specific binding of unbound molecules to the magnetic beads may be inhibited by washing with buffers of slightly 

10 reduced pH or with buffers containing low concentration of imidazole. After resuspending the matrix beads in an appro- 
priate wash solution, the magnetic field is re-introduced, and the matrix beads are collected at the source of the magnetic 
field. Separation of the beads from the supernatant in any of the aforementioned steps may be accomplished by inverting 
the vessel and pouring the supematnat out (retaining the beads by magnet), or by manually, semi-automatically, or 
robotically suctioning or pipetting the supernatant from the vessel. The presence of the detergent in any separation step 

15 allows for better collection (immobilization) of the affinity beads and results in reduced bead loss. Wash steps may be 
repeated any number of times to separate contaminants or other non-specific and unbound molecules from the affinity 
beads. 

[0040] Elution of the bound molecule of interest from affinity particles may be desirable in some separations. As with 
wash steps, an elution step may not be necessary in certain applications, such as when it is sufficient to simply immobilize 

20 the molecule of interest on the affinity matrix and detect its presence there. However, in applications that require the 
elution step, elution may be advantageously performed according to this invention, in the presence of a detergent, to 
allow for efficient separation of the matrix material from the eluted molecule of interest. The composition of the elution 
buffer will vary depending on the molecule to be eluted. For example, the composition of the elution buffer used in 
separations under native conditions may be 50 mM NaH 2 P0 4 , 300 mM NaCI, 250 mM imidazole, at pH 8.0. However, 

25 the composition of the elution buffer for separation under denaturing conditions maybe 8 M urea, 0.1 M NaH 2 P0 4 , 0.01 
M Tris-Cl, 0.05% Tween 20, at pH 4.5. As a particular example, 6x-His-tagged proteins may be released from magnetic 
NTA-agarose beads either by competition with imidazole, or by reducing the pH. Monomers are generally released with 
imidazole concentrations greater than 100 mM or at approximately pH 5.9, whereas multimers are released with 200 
mM imidazole or at around pH 4.5. Usually, elution buffers containing 250 mM imidazole (pH 8) or buffers at pH 4.5 

30 (e.g., Buffer-E, Qiagen GmbH) are recommended. 

[0041] In the case of 6x-His-tagged proteins, when purified by magnetic beads containing Ni-NTA linkers, 100mM 
EDTA may also be used in the elution step. EDTA chelates nickel ions and removes them from the NTA groups. This 
causes all bound protein to elute as a protein-metal complex. 

[0042] Additional embodiments and teachings of the invention are provided by the following non-limiting examples. 

35 

EXAMPLES 

Example 1 : Automated purification of 6x-His-tagged thioredoxin under native conditions using Ni-NTA coated 
magnetic agarose beads. 

40 

[0043] This example demonstrates the positive effects of the addition of detergent on yield and uniformity in an auto- 
mated protein purification procedure using ferromagnetic agarose beads under non-denaturing conditions. 
E. coli M1 5 cells (80 ml aliquot), expressing a 6x-His-tagged recombinant thioredoxin fusion protein, were lysed in a 
lysis buffer (50 mM NaH 2 P0 4 , pH 8.0, 300 mM NaCI, 10 mM imidazole, 1 mg/ml lysozyme). The lysate was centrifuged 

45 to remove the un-lysed cells and cell debris, and the supernatant (cleared lysate) was aliquoted in 80 wells of a 96-well 
flat-bottom multi-well plate. A nonionic detergent, Tween 20 (Sigma Inc.), was added to 40 of the samples to an end 
concentration of 0.05% (v/v). In order to compare the effect of detergent on the yield of protein, all the buffers used 
throughout the procedure contained 0.05 %(v/v) of Tween 20. The buffers used in the control wells contained no detergent 
throughout the procedure. All samples were placed on an automated pipetting system (e.g., BioRobot 9600, Qiagen 

50 GmbH), and all further pipetting steps were performed automatically. A 20 |xl aliquot of a 5%, (v/v) suspension of Ni-NTA 
coated magnetic agarose beads was added to each sample, and the mixtures were incubated for 1 hour at room 
temperature on a shaker platform at 750 rpm. During this step, the thioredoxin protein was bound specifically via its 
6x-His (hexahistidine) tag to the Ni-NTA groups on the agarose beads. Following the binding, all unbound cell ingredients 
were removed by placing the multi-well plate on a magnetic separator for 96-well plates (e.g., 96-Well Magnet, Qiagen 

55 GmbH, 1999 Product Guide Cat. No. 36915), shaking at 300 rpm for 1 min. to complete bead separation, and removing 
the supernatant with the probes of the robot. Clear differences in the separation behavior of the magnetic beads could 
be observed by comparing the samples processed in the presence of Tween 20 and with no Tween 20. While beads 
suspended in buffers containing Tween 20 were collected in a compact pellet in the magnetic field near the surface of 
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the liquid, beads in buffers without Tween separated in a diffuse pellet at the bottom of each well. The diffuse pellets in 
the bottom of the wells resulted in bead toss during the buffer removal step. 

[0044] Subsequently, the multi-well plate was detached from the magnet. The beads were resuspended by the addition 
of 200 fjul washing buffer (50 mM NaH 2 P0 4 , pH 8.0, 300 mM NaCI, 20 mM imidazole, with or without 0.05% Tween 20) 

5 to each well and shaking at 750 rpm for 2 min. Removal of the wash buffer was subsequently performed by placing the 
multi-well plate on a 96-well magnet, shaking at 300 rpm for 1 min. and aspirating the supernatant. The wash step was 
repeated a second time with a lower volume (100 |xl) to facilitate resuspension of the magnetic beads in a low- volume 
of elution buffer. A 60 aliquot of an elution buffer (50 mM NaH 2 P0 4 , pH 8.0, 300 mM NaCI, 250 mM imidazole, with 
or without 0.05% Tween 20) was added to the beads, and elution was performed by incubating the plate for 5 min. at 

10 room temperature on a shaker platform at 750 rpm. The eluted proteins were harvested by placing the multi-well plate 
on the 96-well magnet and shaking the plate for 2 min. at 300 rpm. The buffer containing the eluted protein was then 
transferred into a new multi-well plate. Protein content in the eluate of each well was measured by the Bradford method 
(BioRad, Inc.) The average yield and statistical values are given in Table 1. 



15 Table 1 





samples containing nonionic 
detergent 


samples without nonionic detergent 


Amount of protein (jxg) in 50 of 
eluate 


3.239 


2.317 


standard deviation 


0.258 


0.900 


Variance (CV-value) 


8.0 


38.8 



25 



30 



35 



40 



45 



50 



[0045] As shown in Table 1 , samples without detergent yielded less protein than samples containing the detergent, 
due to the loss of magnetic beads with bound protein during the wash steps. Moreover, the variance between different 
wells was much higher in the absence of detergent because of irregular bead loss. 

Example 2: Automated purification of 6x-His-tagged thioredoxin under denaturing conditions using Ni-NTA 
coated magnetic agarose beads in the presence of a nonionic detergent. 

[0046] This example demonstrates that protein purification under denaturing conditions (8 M urea) in an automated 
procedure using magnetic agarose beads gives significantly better yields in the presence of a nonionic detergent. 
Protein purification was carried out using the following buffer solutions: lysis buffer (8 M urea, 0.1 M NaH 2 P0 4 , 0.01 M 
Tris, pH 8.0), wash buffer (8 M urea, 0.1 M NaH 2 P0 4 , 0.01 M Tris, pH 6.3), and elution buffer (8 M urea, 0.1 M NaH 2 P0 4 , 
0.01 M Tris, pH 4.5). E. co//M1 5 cells (80 ml aliquot), expressing a 6x-His-tagged recombinant thioredoxin fusion protein, 
were lysed in a lysis buffer (50 mM NaH 2 P0 4 , pH 8.0, 300 mM NaCI, 10 mM imidazole, 1 mg/ml lysozyme). The lysate 
was centrifuged to remove the un-lysed cells and debris, and the supernatant (cleared lysate) was aliquoted in 80 wells 
of a 96-well flat-bottom multi-well plate. Half of the samples were supplied with 0.05% Tween 20 nonionic detergent, 
and half of the samples were assayed in the absence of detergent. The separation behavior of the magnetic beads 
showed similar characteristics to that observed under native conditions, but bead loss during the buffer removal steps 
was even higher. As a result, the majority of the wells containing no detergent lost all their beads. 
Protein content in the eluate of each well was determined by the Bradford method. The average yield and statistical 
values are given in Table 2. Samples without the detergent yielded much less protein. In most instances no protein was 
detected in wells without detergent, due to the loss of the magnetic beads. The variance between different wells was 
also much higher in wells without detergent. 

Table 2 



55 





samples containing detergent 


samples without detergent 


average value 


5.484 


0.236 


standard deviation 


0.855 


0.401 


CV-value 


15.6 


170.0 



Example 3: Automated purification of 6x-His-tagged chloramphenicol-acetyl transferase under native condi- 
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[0047] This example demonstrates the positive effects of the addition of detergent in an automated protein purification 
procedure using superparamagnetic silica beads. 
5 Protein purification was performed as described in Example 1 , with the exception that 20 \l\ of a 1 .25 % (w/v) suspension 
of Ni-NTA coated magnetic silica beads was used instead of agarose beads. A 40 ml aliquot of E.coli cells expressing 
a 6x-His-tagged recombinant chloramphenicol acetyl transferase fusion protein was lysed as described in Example 1, 
and the cleared lysate was used in the assay. 

A clear distinction was observed in the separation behavior of the silica beads in buffers containing detergent (Tween 
10 20) as compared to the beads in buffers without detergent. While in the presence of detergent the beads were collected 
in a compact pellet near the surface of the liquid, the beads in buffers without detergent separated in a diffuse pellet at 
the bottom of each well. Bead loss resulted during the buffer removal step. In some instances, the automated procedure 
led to complete loss of beads in wells containing no detergent. 

Protein content in the eluate of each well was determined according to the Bradford method. The average yield and 
is statistical values are given in Table 3. Samples without detergent (Tween 20) yielded less protein than samples containing 
detergent, due to the loss of magnetic beads during the buffer removal steps. Variance between different wells was 
significantly higher without detergent because of irregular bead loss. 



20 



25 



Table 3 





samples containing detergent 


samples without detergent 


average value 


2.052 


1.922 


standard deviation 


0.382 


0.530 


CV-value 


18.6 


27.6 



Example 4: Automated immunoassay of 6x-His-tagged thioredoxin using Ni-NTA coated magnetic agarose 
beads. 



30 



35 



40 



45 



50 



55 



[0048] This example demonstrates the positive effects of the addition of detergent on the uniformity of an automated 
protein assay procedure using magnetic agarose beads. Purified 6x-His-tagged thioredoxin was diluted to 50 ng per 
200 pJ in dilution buffer (50 mM NaH 2 P0 4 , pH 8.0, 300 mM NaCI, 20 mM imidazole). A 200 juul aliquot of the protein 
dilution was pipetted into 24 wells of a 96-well multi-well plate. As a negative control, 200 fjul of the above buffer without 
thioredoxin was pipetted into 24 wells. 

The multi-well plate was placed on the working platform of an automated pipetting system (e.g., BioRobot 9600, Qiagen 
GmbH) and 20 jjlI of a 5% (v/v) suspension of Ni-NTA-coated magnetic agarose beads were dispensed into each well. 
The plate was shaken at room temperature on a shaker platform for 45 min. at 750 rpm to allow the target His-tagged 
protein to bind to the beads. Following the binding step, 0.1% Tween 20 nonionic detergent was added to 12 wells of 
the plate. For all following steps, these wells were processed in the presence of 0.05% Tween 20 nonionic detergent, 
whereas the other 12 wells were handled without detergent during the whole process. 

After incubation for additional 1 5 min., the plate was transferred to a magnetic separator for 96-well plates (e.g., 96-Well 
Magnet, Qiagen GmbH, 1999 Product Guide Cat. No. 36915), and shaken for 1 min. at 300 rpm to complete bead 
separation. Supernatants were aspirated, the plate was removed from the magnet, and the magnetic beads were re- 
suspended by the addition of 200 pJ to each well of a washing buffer (50 mM NaH 2 P0 4 , pH 8.0, 300 mM NaCI, 20 mM 
imidazole with or without 0.05% Tween 20) then shaking for 5 min. at 750 rpm. The wash buffer was removed as 
described above and the beads were resuspended in 200 |xl 50 mM NaH 2 P0 4 , pH 8.0, 300 mM NaCI, 3% BSA containing 
a polyclonal antibody recognizing thioredoxin. As described previously, half of the wells on the plate were incubated 
with detergent; the other half were incubated in the absence of detergent. The plate was shaken at 750 rpm for an hour 
at room temperature to allow for the binding of the antibody to the immobilized thioredoxin. The buffer was removed as 
described above, and the beads were washed twice. Subsequently, 200 jxl of a secondary antibody coupled to horseradish 
peroxydase was added in buffer containing 50 mM NaH 2 P0 4 , pH 8.0, 300 mM NaCI, 3% BSA with or without Tween. 
[0049] The plate was shaken at 750 rpm for an hour at room temperature. The beads were washed twice and the 
amount of immobilized peroxidase was determined by the addition of 200 jxl color reagent (10 mg o-phenylene diamine 
in 25 ml sodium-phosphate buffer, pH 5.0, 25 nl H 2 0 2 ). The plate was incubated for 10 minutes at room temperature 
and the optical density was read at 450 nm. - 

The separation behavior of the magnetic beads showed similar characteristics as observed in purification procedures, 
with a significant amount of bead loss during the buffer removal steps, specifically in the wells without any detergent. 
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his bead loss resulted in lower signals and higher standard deviation between the wells that contained no detergent. 
The average OD-signal and statistical values are given in Table 4. The OD value of the background signal determined 
in the wells without thioredoxin was on average 0.1 17 in wells with detergent and 0.109 in wells without detergent. 



Table 4 





samples containing detergent 


samples without detergent 


average OD value 


1.230 


0.475 


standard deviation 


0.096 


0.115 


CV-value 


7.8 


24.3 



Example 5: Effect of different detergents in variable concentrations on the separation behavior of magnetic 
agarose beads placed on a 96-well magnet 

[0050] This example describes the positive effects of a broad variety of detergents on the separation behaviour of 
magnetic beads. 

A 20 sample of a 5 % (v/v) suspension of magnetic agarose beads were diluted in 200 of distilled water. Concen- 
trations of 1%, 0.5%, 0.1 %, 0.05%, 0.01%, 0.005% and 0.0005% of detergents belonging to different classes were 
added, and separation behaviour of the magnetic beads was observed after placing the sample vessel (96-well plate) 
on a suitable magnetic separator (e.g., 96-Well Magnet, Qiagen GmbH, Product Guide 1999 Cat. No. 38915). Tween 
20, Triton X-100 and Nonidet P-40 were tested as examples of nonionic detergents, sodium dodecylsulphate was tested 
as an anionic detergent, CHAPS was tested as a zwitterionic detergent, and dodecyltrimethyl ammonium chloride was 
tested as a cationic detergent. In all cases, with all detergents, the beads formed a compact pellet near the surface of 
the liquid after the plates were transferred to the magnet. In contrast, when no detergent was added, the beads separated 
in a diffuse pellet at the bottom of the wells. The results are set forth in Table 5: 



Table 5 



detergent concentration 


1% 


0.5% 


0.1% 


0.05% 


0.01% 


0.005% 


0.0005% 


nonionic detergents 




Tween 20 


c 


c 


c 


c 


c 


c 


c 


Triton X-100 


c 


c 


c 


c 


c 


n.d. 


n.d. 


Nonidet P-40 


c 


c 


c 


c 


c 


n.d. 


n.d. 


anionic detergent 




sodium dodecyl sulfate 


c 


c 


c 


c 


d 


n.d. 


n.d. 


cationic detergent 




dodecyltrimethyl ammonium 


c 


c 


d 


d 


d 


n.d. 


n.d. 


zwitterionic detergent 




CHAPS 


c 


c 


c 


c 


c 


d 


n.d. 


controls 




NaCI 


d 


d 


d 


d 


d 


n.d. 


n.d. 


water 


d 


d 


d 


d 


d 


d 


d 


c = compact pellet near the surface of the liquid, using magnetic separation 
d = diffuse pellet at the bottom of the wells 
n.d. = not done 



[0051] Sufficient concentrations of detergents for improved bead separation differed between the detergent classes. 
Whereas nonionic detergents could be reduced down to 0.0005% (v/v) to facilitate efficient bead separation, the anionic 
detergent was needed at 0.05% (v/v), the zwitterionic detergent was needed at 0.01% (v/v), and the cationic detergent 
was needed at 0.5% (v/v). 
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Example 6: Automated immunoassay of 6x-His-tagged thioredoxin using Ni-NTA coated magnetic agarose 
beads with detergent only in the first buffer. 

[0052] This example demonstrates that the addition of detergent only in the first step is sufficient to improve the 

5 uniformity of an automated protein assay procedure using magnetic agarose beads. 

Purified 6x-His-tagged thioredoxin was diluted to 50ng per 200>l in dilution buffer (50 mM NaH 2 P0 4 , pH 8.0; 300 mM 
NaCI, 20 mM imidazole). 200 jxl of the protein dilution was pipetted into each of 12 wells of a 96-well microplate. In 
addition, 200 pul of the same buffer without thioredoxin was added to 12 wells of the same 96-well microplate as a negative 
control. The multiwell plate was placed on the working platform of an automated pepetting system (BioRobot 9600, 

10 Qiagen GmbH) and 20 of a 2.5% (v/v) suspension of Ni-NTA-coated magnetic agaraose beads were dispensed into 
each well. The beads in protein-containing wells bound the 6x-His-tagged protein while incubating on a shaker platform 
at 750 rpm for 45 minutes at room temperature. Following the binding step, 0.1% Tween 20 nonionic detergent was 
added to 8 wells each. For all subsequent steps, 4 of the 8 wells were processed in the presence of 0.005% Tween 20, 
and the remaining 4 wells were processed in the absence of any detergent. The remaining 4 wells of each thioredoxin 

is concentration were handled without detergent during the entire process. The plate was incubated for 15 minutes at room 
temperature and subsequently was transferred to a magnetic separator for 96-well plates as described above, and 
shaken for 2 minutes at 750 rpm to complete bead separation. Supernatant was aspirated and the plate was removed 
from the magnet. The magnetic beads were resuspended in 200 jjl! of wash buffer (50 mM NaH 2 P0 4 , pH 8.0; 300 mM 
NaCI, 20 mM imidazole, with and without 0.005% Tween 20), and the plate was shaken for 5 minutes at 750 rpm. The 

20 wash buffer was removed as before, and the beads were resuspended in 200 \l\ of binding buffer (50 mM NaH 2 P0 4 , 
pH 8.0; 300 mM NaCI, 3% BSA, with and without 0.005% Tween 20) containing a polyclonal antibody recognizing 
thioredoxin. As described above, some wells were incubated in the presence or absence of detergent. The plate was 
incubated on a shaker at room temperature for an hour at 750 rpm. The buffer was removed as described above and 
the beads were washed twice in wash buffer. Subsequently 200 jxl of secondary antibody coupled to horseradish per- 

25 oxidase, diluted in binding buffer +/- 0.005% Tween 20 were added to each well and the plate was incubated on a shaker 
for an hour at room temperature at 750 rpm. The binding buffer was removed and the beads were washed four times 
with wash buffer. The amount of immobilized peroxidase was determined by the addition of 200 pJ of color reagent (10 
mg o-phenylene diamine in 25 ml sodium-phosphate buffer, pH 5.0; 25 |xl H 2 0 2 ). The plate was incubated at room 
temperature for 10 minutes and optical density was read at 450 nm. 

30 [0053] The comparison of the three sets of wells that were processed in the presence or absence of detergent, or 
presence or absence of thioredoxin displayed differences in separation behavior of the magnetic beads. Beads in samples 
that received the detergent after the binding step were collected in a compact pellet near the surface of the liquid 
throughout the procedure, regardless of whether the detergent was added to the subsequent steps. In contrast, the 
samples in the absence of detergent during the binding step separated in diffuse pellets at the bottom of each well, 

35 which resulted in bead loss during the procedure. This bead loss resulted in lower signals and higher standard deviations 
between wells. In all the samples, the average OD value of the background signal was between 0.063 and 0.071. The 
statistical values of the amounts are shown in Table 6. 



Table 6 





Samples with addition of 0.1 % detergent in the first step 


Samples without detergent 
throughout the entire 
procedure 




0% detergent in all following 
steps 


0.005% detergent in all 
following steps 




Average value 


2.041 


1.862 


1.239 


Standard deviation 


0.110 


0.056 


0.488 


CV-value 


5.4% 


3.0% 


39.4% 



[0054] Standard protocols of molecular biology applications, enzymology, protein and nucleic acid chemistry are well 
described in printed publications such as Molecular Cloning-A laboratory Manual, Cold Spring Harbor, N.Y. (Sambrook 
et al. 1989); PCR Protocols-A Guide to Methods and Applications, Academic Press, N.Y. (Innis et al., eds, 1990), PCR 
Primer-A Laboratory Manual, CSHL Press (Dieffenbach and Dveksler eds., 1995): and Methods in Enzymology, Aca- 
demic Press, Inc. 
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Claims 

1. A method for isolating fusion proteins or peptides from a sample or solution in a vessel, comprising the steps of: 

(a) providing a multiplicity of affinity particles 

(b) combining the sample or solution containing fusion proteins or peptides with affinity particles suitable for 
binding said fusion proteins or peptides, said affinity particles being insoluble in the sample; 

(c) collecting the affinity particles; 

(d) separating the affinity particles from the unbound remainder of the sample; 

wherein at least one of the steps (a), (b), (c), and (d) is performed in the presence of a detergent to reduce loss of 
particles during any separation step, in comparison to the same method performed in the absence of detergent and 
wherein said fusion protein is a protein or peptide fused to a metal chelating group. 

is 2. The method according to Claim 1 , comprising the steps of: 

(a) providing a multiplicity of magnetic affinity particles 

(b) combining the sample or solution containing fusion proteins or peptides with said magnetic affinity particles 
suitable for binding said fusion proteins or peptides, said affinity particles being insoluble in the sample 

20 (c) collecting the magnetic affinity particles by applying a magnetic field to the vessel so as to attract and 

immobilise the magnetic affinity particles; 

(d) separating the remainder of the sample or solution from the immobilised magnetic affinity particles; 

wherein at least one of the steps (a), (b), (c), and (d) is performed in the presence of a detergent to reduce loss of 
25 particles during any separation step, in comparison to the same method performed in the absence of detergent and 

wherein said fusion protein is a protein or peptide fused to a metal chelating group. 

3. The method according to Claim 1 or 2 wherein the affinity particles of step a) are incubated in the presence of a 
detergent to reduce loss of particles during any separation step, in comparison to the same method performed in 

30 the absence of detergent and wherein said fusion protein is a protein or peptide fused to a metal chelating group. 

4. The method according to Claims I to 3 comprising the further steps of 

(e) resuspending the affinity particles or magnetic affinity particles of step d) in a solution; 

35 (f) eluting said fusion proteins or peptides from the affinity particles or magnetic affinity particles; and 

(g) separating the affinity particles or magnetic affinity particles from said eluted fusion proteins or peptides; 

wherein at least one of the steps e), f), and g) is performed in the presence of a detergent to reduce loss of particles 
during any separation step, in comparison to the same method performed in the absence of detergent and wherein 
40 said fusion protein is a protein or peptide fused to a metal chelating group. 

5. The method according to Claims 1 to 4, wherein the steps (a) and (b) are carried out in the absence of a detergent, 
but said detergent is added prior to the separation step (c). 

45 6. The method according to Claims 1 to 5, wherein said metal chelating group is two or more histidine residues. 

7. The method according to Claim 6, wherein said metal chelating group is six consecutive histidine residues. 

8. The method according to Claim 2, wherein the magnetic affinity particles are selected from the group consisting of 
so ferromagnetic beads, superparamagnetic beads or combinations thereof. 

9. The method according to Claim 1 or 2, wherein said particles are composed of materials selected from the group 
consisting of agarose, silica, nitrocellulose, cellulose, acrylamide, latex, polystyrene, polyacrylate, polymethacrylate, 
polyethylene polymers such as polyvinyl alcohol, glass particles, silicates including calcium, magnesium and alu- 

55 minum silicates, metal oxides including titanium oxides, and tin oxides, apatites, and combinations thereof. 

10. The method according to Claim 1 or 2, wherein said particles are coated with an affinity ligand selected from the 
group consisting of antibodies for a particular antigen, antigens for a particular antibody, antibodies recognising a 
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class of molecules, streptavidin, streptavidin-tagged fusion proteins, biotin, biotin-tagged fusion proteins, glutathione, 
cellulose, amylose, ion exchange groups, hydrophobic interaction groups, phage ligands, antibodies recognising 
cell or phage surface antigens, and polypeptides, nucleotides or small molecules capable of affinity interactions with 
a binding partner selected from the group consisting of another protein. 

5 

11. The method according to Claims 1 to 10, wherein said detergent is selected from a group consisting of nonionic 
detergents, anionic detergents, zwitterionic detergents, cationic detergents, and combinations thereof. 

12. The method according to Claim 1 1 , wherein said nonionic detergent is selected from the group consisting of poly- 
10 oxyethylene (10) cetyl alcohol, polyoxyethylene (20) cetyl alcohol, polyoxyethylene (23) lauryl alcohol, polyoxyeth- 

ylene (4-5) p-f-octyl phenol, polyoxyethylene (7-8) p-f-octyl phenol, polyoxyethylene (9) />f-octyl phenol, polyox- 
yethylene (9-10) p-f-octyl phenol, polyoxyethylene (9-10) nonylphenol, polyoxyehtylene (20) sorbitol monolaurate, 
polyoxyehtylene (20) sorbitol monopalmitate, polyoxyehtylene (20) sorbitol monooleate, octyl-p-glucoside, APO-10 
(Dimethyldecylphosphine Oxide), APO-12 (Dimethyldidecylphosphine Oxide), cyclohexyl-n-ethyl-p-D-maltoside, cy- 
15 clohexyl-n-hexyl-p-D-maltoside, cyclohexyl-n-methyl-p-maltoside, n-decanoy I sucrose, />decyl-p-D-g I u copy ra no- 

side, r>-decyl-P-maltopyranoside, />decyl-P-D-thiomaltoside, n-dodecanoyl sucrose, heptane-1,2,3-triol, and com- 
binations thereof. 

13. The method according to Claim 11, wherein said anionic detergent is selected from the group consisting of sodium 
20 dodecyl sulfate (SDS), sarkosyl, and combinations thereof. 

14. The method Claim 11, wherein said zwitterionic detergent is 3-[(cholamido-propyl)-dimethyl-ammonio]-1-pro- 
panesulfonate. 

25 15. The method according to Claim 1 1 .wherein said cationic detergent is dodecyl ammonium chloride. 

16. The method according to Claim 1 to 12 wherein the detergent is a nonionic detergent at a concentration of from 
0.0005% (v/v) to 2% (v/v). 

30 17. The method according to Claim 16, wherein the detergent is a nonionic detergent at a concentration of from 0.005% 
(v/v) to 2% (v/v). 

18. The method according to Claim 1 to 12, wherein the detergent is polyoxyethylene (20) sorbitol monolaurate at a 
concentration of 0.05% (v/v). 

35 

19. The method according to Claim 1 to 1 1 and 13, wherein the detergent is an anionic detergent at a concentration of 
from 0.05% (v/v) to 1% (v/v). 

20. The method according to Claim 1 to 1 1 and 15, wherein the detergent is an cationic detergent at a concentration of 
40 from 0.5% (v/v) to 1 % (v/v). 

21. The method according to Claim 1 to 1 1 and 14, wherein the detergent is a zwitterionic detergent at a concentration 
of from 0.01 % (v/v) to 2% (v/v). 



Patentanspruche 

1. Verfahren zur Isolierung von Fusionsproteinen oder Peptiden aus einer Probe oder aus einer Losung in einem 
Gefafi, umfassend die Schritte: 

50 

(a) Bereitstellen einer Vielzahl von Affinitatspartikeln; 

(b) Vereinigen der Probe oder der Losung, welche die Fusionsproteine oder die Peptide enthalten, mit den 
Affinitatspartikeln, die fur das Binden der genannten Fusionsproteine oder Peptide geeignet sind, wobei die 
genannten Affinitatspartikel in der Probe unloslich sind; 

55 (c) Sammeln der Affinitatspartikel; 

(d) Abtrennen der Affinitatspartikel von dem Ruckstand der Probe, der nicht gebunden wurde; 

wobei zumindest einer der Schritte (a), (b), (c) und (d) in der Gegenwart eines Detergens ausgefuhrt wird, urn den 
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Veriust an Partikeln wahrend jedes Abtrennungsschrittes zu reduzieren, im Vergleich mit dem gleichen Verfahren, 
das in der Abwesenheit eines Detergens ausgefuhrt wird, und wobei das genannte Fusionsprotein ein Protein oder 
ein Peptid ist, an das eine ein Metall chelatisierende Gruppe gebunden ist. 

2. Verfahren nach Anspruch 1, umfassend die Schritte: 

(a) Bereitstellen einer Vielzahl von magnetischen Affinitatspartikeln; 

(b) Vereinigen der Probe oder der Losung, welche die Fusionsproteine oder die Peptide enthalt, mit den ge- 
nannten magnetischen Affinitatspartikeln, die fur das Binden der genannten Fusionsproteine oder Pepetide 
geeignet sind, wobei die genannten Affinitatspartikel in der Probe unloslich sind; 

(c) Sammeln der magnetischen Affinitatspartikel durch das Anlegen eines magnetischen Feldes an das Gefaft, 
urn so die magnetischen Affinitatspartikel anzuziehen und zu immobilisieren; 

(d) Abtrennen des Ruckstandes der Probe oder der Losung von den immobilisierten magnetischen Affinitats- 
partikeln; 

wobei zumindest einer der Schritte (a), (b), (c) und (d) in der Gegenwart eines Detergens ausgefuhrt wird, um den 
Veriust an Teilchen wahrend jedes Abtrennungsschrittes zu reduzieren, im Vergleich mit dem gleichen Verfahren, 
das in der Abwesenheit eines Detergens ausgefuhrt wird, und wobei das genannte Fusionsprotein ein Protein oder 
,ein Peptid ist, an das eine ein Metall chelatisierende Gruppe gebunden ist. 

3. Verfahren nach Anspruch 1 oder 2, wobei die Affinitatspartikel aus Schritt (a) in der Gegenwart eines Detergens 
inkubiert sind, um den Veriust an Partikeln wahrend jedes Abtrennungsschrittes zu reduzieren, im Vergleich mit 
dem gleichen Verfahren, das in der Abwesenheit eines Detergens ausgefuhrt wird, und wobei das genannte Fusi- 
onsprotein ein Protein oder Peptid ist, an das eine ein Metall chelatisierende Gruppe gebunden ist. 

4. Verfahren nach einem der Anspruche 1 bis 3, umfassend die weiteren Schritte: 

(e) Resuspendieren der Affinitatspartikel oder magnetischen Affinitatspartikel aus Schritt (d) in einer Losung; 

(f) Eluieren der genannten Fusionsproteine oder Peptide aus den Affinitatspartikeln oder magnetischen Affini- 
tatspartikeln; und 

(g) Abtrennen der Affinitatspartikel oder magnetischen Affinitatspartikel aus den genannten eluierten Fusions- 
proteinen oder Peptiden; 

wobei zumindest einer der Schritte (a), (b), (c) und (d) in der Gegenwart eines Detergens ausgefuhrt wird, um den 
Veriust an Teilchen wahrend jedes Abtrennungsschrittes zu reduzieren, im Vergleich mit dem gleichen Verfahren, 
das in der Abwesenheit eines Detergens ausgefuhrt wird, und wobei das genannte Fusionsprotein ein Protein oder 
ein Peptid ist, an das eine ein Metall chelatisierende Gruppe gebunden ist. 

5. Verfahren nach einem der Anspruche 1 bis 4, wobei die Schritte (a) und (b) in der Abwesenheit eines Detergens 
durchgefuhrt werden, wobei das genannte Detergens jedoch vor dem Abtrennungsschritt (c) dazugegeben wird. 

6. Verfahren nach einem der Anspruche 1 bis 5, wobei die genannte ein Metall chelatisierende Gruppe zwei oder mehr 
Histidinreste aufweist. 

7. Verfahren nach Anspruch 6, wobei die genannte ein Metall chelatisierende Gruppe sechs aufeinanderfolgende 
Histidinreste aufweist. 

8. Verfahren nach Anspruch 2, wobei die magnetischen Affinitatspartikel aus der Gruppe bestehend aus ferromagne- 
tischen Beads, superparamagnetischen Beads oder deren Kombinationen ausgewahlt werden. 

9. Verfahren nach Anspruch 1 oder 2, wobei die genannten Partikel aus Materialien ausgewahlt aus der Gruppe 
bestehend aus Agarose, Silika, Nitrocellulose, Cellulose, Acrylamid, Latex, Polystyrol, Polyacrylat, Polymethacrylat, 
Polyethylenpolymere, wie zum Beispiel Polyvinylalkohol, Glaspartikeln, Silikaten, einschlieftlich Calcium-, Magne- 
sium- und Aluminiumsilikaten, Metalloxide, einschlielilich Titanoxide und Zinnoxide, Apatite und deren Kombinatio- 
nen, bestehen. 

10. Verfahren nach Anspruch 1 oder 2, wobei die genannten Partikel mit einem Affinitatsliganden ausgewahlt aus der 
Gruppe bestehend aus Antikorpern fur ein bestimmtes Antigen, Antigenen fur einen bestimmten Antikorper, Anti- 
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korpern, die eine Molekulklasse erkennen, Streptavidin, Streptavidin-markierte Fusionsproteine, Biotin, Biotin-mar- 
kierte Fusionsproteine, Glutathion, Cellulose, Amylose, lonenaustauschgruppen, zur Ausbildung von Wechselwir- 
kungen befahigte hydrophobe Gruppen, Phagenliganden, Antikorper, die Zell- Oder Phagenoberflachen-antigene 
erkennen, und Polypeptide, Nukleotide oder kleine Molekule, die in der Lage sind, AffinitStswechselwirkungen mit 
s einem Bindungspartner ausgewahlt aus der Gruppe bestehend aus einem weiterem Protein beschichtet sind. 

11. Verfahren nach einem der Anspruche 1 bis 10, wobei das genannte Detergens ausgewahlt wird aus einer Gruppe 
bestehend aus nichtionischen Detergenzien, anionischen Detergenzien, zwitterionischen Detergenzien, kationi- 
schen Detergenzien und deren Kombinationen. 

10 

12. Verfahren nach Anspruch 11, wobei das genannte nichtionische Detergens ausgewahlt wird aus der Gruppe be- 
stehend aus Polyoxyethylen (10) cetylalkohol, Polyoxyethylen (20) cetylalkohol, Polyoxyethylen (23) laurylalkohol, 
Polyoxyethylen (4-5) p-f-octy I phenol, Polyoxyethylen (7-8) p-/-octy I phenol, Polyoxyethylen (9) p-f-octylphenol, Po- 
lyoxyethylen (9-10) p-f-octylphenol, Polyoxyethylen (9-10) nonylphenol, Polyoxyethylen (20) sorbitolmonolaurat, 

15 Polyoxyethylen (20) sorbitolmonopalmitat, Polyoxyethylen (20) sorbitolmonooleat, Octyl-p-Glucosid, APO-10 (Di- 

methyldecylphosphinoxid), APO-12 (Dimethyldidecylphosphinoxid), Cyclohexyl-n-ethyl-p-D-maltosid, Cyclohe- 
xyl-n-hexyl-p-D-maltosid, Cyclohexyl-n-methyl-p-maltosid, n-Decanoylsucrose, /7-Decyl-p-D-Glucopyranosid, n~De- 
cyl-p-maltopyranosid, n-Decyl-p-D-thiomaltosid, n-Dodecanoylsucrose, Heptan-1 ,2,3-triol und deren Kombinatio- 
nen. 

20 

1 3. Verfahren nach Anspruch 1 1 , wobei das genannte anionische Detergens ausgewahlt wird aus der Gruppe bestehend 
aus Natriumdodecylsulfat (SDS), Sarkosyl und deren Kombinationen. 

14. Verfahren nach Anspruch 1 1 , wobei das genannte zwitterionische Detergens 3-[(Cholamido-propyl)-dimethyl-am- 
25 monium]-1-propansulfonat ist. 

15. Verfahren nach Anspruch 11, wobei das genannte kationische Detergens Dodecylammoniumchlorid ist. 

16. Verfahren nach einem der Anspruche 1 bis 12, wobei das Detergens ein nichtionisches Detergens mit einer Kon- 
30 zentration von 0,0005 % (VA/) bis 2 % (VA/) ist. 

17. Verfahren nach Anspruch 1 6, wobei das Detergens ein nichtionisches Detergens mit einer Konzentration von 0,005 
% (VA/) bis 2 % (VA/) ist. 

35 18. Verfahren nach einem der Anspruche 1 bis 12, wobei das Detergens Polyoxyethylen (20) sorbitolmonolaurat mit 
einer Konzentration von 0,05 % (VN) ist. 

19. Verfahren nach einem der Anspruche 1 bis 11 und 13, wobei das Detergens ein anionisches Detergens mit einer 
Konzentration von 0,05 % (V/V) bis 1 % (V/V) ist. 

40 

20. Verfahren nach einem der Anspruche 1 bis 11 und 15, wobei das Detergens ein kationisches Detergens mit einer 
Konzentration von 0,5 % (VN) bis 1 % (VN) ist. 

21. Verfahren nach einem der Anspruche 1 bis 11 und 14, wobei das Detergens ein zwitterionisches Detergens mit 
45 einer Konzentration von 0,01 % (VA/) bis 2 % (VA/) ist. 



Revendications 

1. Proced6 d'isolement de proteines ou de peptides de fusion d'un echantillon ou d'une solution dans un recipient, 
comprenant les etapes consistant a : 

(a) fournir une multiplicity de particules d'affinite 

(b) combiner I'echantillon ou la solution contenant les proteines ou peptides de fusion avec des particules 
d'affinite adaptees pour la liaison auxdites proteines ou peptides de fusion, lesdites particules d'affinite etant 
insolubles dans I'echantillon ; 

(c) collecter les particules d'affinite ; 

(d) separer les particules d'affinite du reste non lie de I'echantillon ; 
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dans lequel au moins une des etapes (a), (b), (c) et (d) est realisee en presence d'un detergent pour reduire la perte 
de particules durant n'importe quelle etape de separation, par rapport au meme procede realist en absence de 
detergent et dans lequel ladite proline de fusion est une proteine ou un peptide fusionne a un groupe chelatant 
metallique. 

2. Procede selon la revendication 1 , comprenant les etapes consistant a : 

(a) fournir une multiplicity de particules d'affinite magnetiques 

(b) combiner rechantillon ou la solution contenant les proteines ou peptides de fusion avec lesdites particules 
d'affinite magnetiques adaptees pour la liaison auxdites prolines ou peptides de fusion, lesdites particules 
d'affinite etant insolubles dans rechantillon 

(c) collecter les particules d'affinite magnetiques en appliquant un champ magnetique au recipient de manure 
a attirer et immobiliser les particules d'affinite magnetiques ; 

(d) separer le reste de rechantillon ou de la solution des particules d'affinite magnetiques immobilisees ; 

dans lequel au moins une des etapes (a), (b), (c) et (d) est realisee en presence d'un detergent pour reduire la perte 
de particules durant n'importe quelle etape de separation, par rapport au meme procede realise en absence de 
detergent et dans lequel ladite proteine de fusion est une proteine ou un peptide fusionne a un groupe chelatant 
metallique. 

3. Procede selon la revendication 1 ou 2, dans lequel les particules d'affinite de I'etape a) sont incubees en presence 
d'un detergent pour reduire la perte de particules durant n'importe quelle etape de separation, par rapport au meme 
procede realise en absence de detergent et dans lequel ladite proteine de fusion est une proteine ou un peptide 
fusionne a un groupe chelatant metallique. 

4. Procede selon les revendications 1 a 3, comprenant les autres etapes consistant a : 

(e) resuspendre les particules d'affinite ou les particules d'affinite magnetiques de I'etape d) dans une solution ; 

(f) eluer lesdites proteines ou peptides de fusion des particules d'affinite ou particules d'affinite magnetiques ; et 

(g) separer les particules d'affinite ou les particules d'affinite magnetiques desdits proteines ou peptides de 
fusion eiues ; 

dans lequel au moins une des etapes e), f) et g) est realisee en presence d'un detergent pour reduire la perte de 
particules durant n'importe quelle etape de separation, par rapport au meme procede realise en absence de detergent 
et dans lequel ladite proteine de fusion est une proteine ou un peptide fusionne a un groupe chelatant metallique. 

5. Procede selon les revendications 1 a 4, dans lequel les etapes (a) et (b) sont realisees en absence d'un detergent, 
mais ledit detergent est ajoute avant i'etape de separation (c). 

6. Procede selon les revendications 1 a 5, dans lequel ledit groupe chelatant metallique est deux residus histidine ou 
plus. 

7. Procede selon la revendication 6, dans lequel ledit groupe chelatant metallique est six residus histidine consecutifs. 

8. Procede selon la revendication 2, dans lequel les particules d'affinite magnetiques sont choisies dans le groupe 
constitue par les billes ferromagnetiques, les billes supraparamagnetiques ou leurs combinaisons. 

9. Procede selon la revendication 1 ou 2, dans lequel lesdites particules sont composees de materiaux choisis dans 
le groupe constitue par I'agarose, la silice, la nitrocellulose, la cellulose, racrylamide, le latex, le polystyrene, le 
polyacrylate, le polymethacrylate, les polymdres de polyethylene tels que I'alcool polyvinylique, les particules de 
verre, les silicates comprenant les silicates de calcium, de magnesium et d'aluminium, les oxydes m6talliques 
comprenant les oxydes de titane, et les oxydes d'etain, les apatites, et leurs combinaisons. 

10. Procede selon la revendication 1 ou 2, dans lequel lesdites particules sont revetues d'un ligand d'affinite choisi dans 
le groupe constitue par les anticorps pour un antigene particulier, les antigenes pour un anticorps particulier, les 
anticorps reconnaissant une classe de molecules, la streptavidine, les proteines de fusion a etiquette streptavidine, 
la biotine, les proteines de fusion a etiquette biotine, le glutathione, la cellulose, i'amylose, les groupes d'echange 
d'ions, les groupes a interaction hydrophobe, les ligands de phage, les anticorps reconnaissant les antigenes de 
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surface de cellule ou de phage, et les polypeptides, nucleotides ou petites molecules capables d'interactions d'affinite 
avec un partenaire de liaison choisi dans le groupe constitue par une autre proteine. 

11. Procede selon les revendications 1 a 10, dans lequel ledit detergent est choisi dans un groupe constitue par les 
5 detergents non ioniques, les detergents anioniques, les detergents zwitterioniques, les detergents cationiques et 

leurs combinaisons. 

12. Procede selon la revendication 11, dans lequel ledit detergent non ionique est choisi dans le groupe constitue par 
le polyoxyethylene (10) alcool cetylique, le polyoxyethylene (20) alcool cetylique, le polyoxy6thyiene (23) alcool 

10 laurylique le polyoxyethylene (4-5) p-t-octyl phenol, le polyoyethylene (7-8) p-t-octyl phenol, le polyoxyethylene (9) 

p-t-octyl phenol, le polyoxyethylene (9-10) p-t-octyl ph6nol, le polyoxyethylene (9-10) nonylph6nol, le polyoxyethy- 
lene (20) rnonolaurate de sorbitol, le polyoxyethylene (20) monopalmitate de sorbitol, le polyoxyethylene (20) mo- 
nooieate de sorbitol, I'octyl-p-glucoside, l'APO-10 (oxyde de dimethyldecylphosphine), l'APO-12 (oxyde de dime- 
thyldidecylphosphine), le cyc(ohexyl-n-ethyl-p-D-maltoside, le cyclohexyl-n-hexyl-p-D-maltoside, le cyclohexyl-n- 

15 methyl-p-maltoside, le n-decanoylsaccharose, le n-decyl-p-D-glucopyranoside, le n-d6cyl-p-maltopyranoside, le n- 

decyl-p-D-thiomaltoside, le n-dodecanoyl saccharose, I'heptane 1,2,3-triol et leurs combinaisons. 

13. Procede selon la revendication 1 1 , dans lequel ledit detergent anionique est choisi dans le groupe constitue par le 
sodium dodecyl sulfate (SDS), le sarkosyle et leurs combinaisons. 

20 

14. Procede selon la revendication 1 1 , dans lequel ledit agent zwitterionique est le 3-[(cholamido-propyl>-dimethyl-am- 
monio]-1 -propanesulfonate. 

15. Procede selon la revendication 11, dans lequel ledit detergent cationique est le dodecyl chlorure d'ammonium. 

25 

16. Procede selon la revendication 1 a 12, dans lequel le detergent est un detergent non ionique a une concentration 
de 0,0005 a 2 % (v/v). 

17. Procede selon la revendication 16, dans lequel le detergent est un detergent non ionique £ une concentration de 
30 0,005 a 2 % (v/v). 

18. Procede selon la revendication 1 a 12, dans lequel le detergent est le polyoxyethylene (20) rnonolaurate de sorbitol 
a une concentration de 0,05 % (v/v). 

35 19. Procede selon la revendication 1 d 1 1 et 13, dans lequel le detergent est un detergent anionique d une concentration 
de 0,05 a 1 % (v/v). 

20. Procede selon la revendication 1 a 1 1 et 1 5, dans lequel le detergent est un detergent cationique a une concentration 
de 0,5 a 1 % (v/v). 



40 



21. Procede selon ia revendication 1 a 11 et 14, dans lequel le detergent est un detergent zwitterionique a une con- 
centration de 0,01 a 2 % (v/v). 
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